Abstract. Studying the planetary-dynamic behaviour of the Earth connected with geophysical processes as sources of excitation is of particular importance. In order to make a contribution concerning seasonal influences of near-surface geophysical processes on polar motion and Earth rotation, numerical investigations based on a time series of Earth Rotation Parameters and Atmospheric Angular Momentum parameters from 1976 to 1987 were performed. Atmospheric Angular Momentum changes are the dominant cause for polar motion and length-of-day variation at seasonal frequencies. Since there is another excitation source, the problem is to be considered in this way that the total excitation portion is composed of an atmospheric and a non-atmospheric portions. Particularly in polar motion, the paper deals with the separation of these portions for the seasonal constituents and presents interesting information about their character.
Introduction
The planetary-dynamic behaviour of the Earth is extremly complicated. There are irregularities in both the rate of rotation and the direction of the rotation axis in space and in the Earth. The variations with respect to the terrestrial reference frame are known as polar motion and length-of-day variation. The study of the Earth's rotation is a problem of significant value as a unique global measure of changes within the atmosphere, hydrosphere, cryosphere, and interior of the Earth. Therefore, the number of papers on this topic is very large. For a thorough discussion of this problem see e. g. Lambeck (1980) .
The state of the art in investigations of polar motion is that the excitation sources are only partially understood. At seasonal frequencies, air and water mass redistribution are the certain causes, but the details remain uncertain. The water storage contribution at the annual frequency is much smaller than that of air mass redistribution. A discrepancy in prograde annual excitation determined from meteorological and polar motion data suggests the existence of another source. See e. g. Van Hylckama (1956) ; Jochmann (1976) ; Wilson and Haubrich (1976) ; Kikuchi (1977) ; Jochmann (1981) ; Chao and O'Connor (1988) ; Wilson and Kuehne (1990) ; Chao (1993) ; Kuehne et al. (1993) ; Wilson (1993) . The purpose of this paper is to review the previous papers of the author concerning the polar motion excitation at seasonal frequencies, which was published in German.
Time series and periodicities
The data sets used in this study are time series of Earth Rotation Parameters (ERP) computed by the International Earth Rotation Service (IERS) and Atmospheric Angular Momentum (AAM) parameters computed by the U. S. National Meteorological Center (NMC) at daily intervals from 1976 to 1987 and MJD from 42960.0 to 47160.0, respectively. In Figures 1 and 2 , the input data are shown to give a visual impression. For a better clearness in space and time, the 2-D motions are represented by spatial curves in perspective space-time-views instead of plane form (cf. Höpfner 1994b) . East longitude. For interpretation purposes, the dominant periodic portions were derived by the least squares adjustment from the time series quoted, where the parameters and their accuracies for the different equivalent representation forms (trigonometric, exponential and geometric forms) and portion types (oscillation of the real and imaginary parts, circular and elliptical types), respectively, were computed (Höpfner 1993 (Höpfner , 1994a (Höpfner , c, 1995a . The periodic components are displayed by ellipses in Höpfner (1995a) . For the perspective representation of the 2-D periodicities by elliptic spirals see Höpfner (1994b) 
Excitation portions and excited portions
For the expediency, the considerations are performed in the complex number plane (
). Consequently, circularperiodic portions ! (t) in the time domain are given by exponential representations in the form
( 1) where t = time and f = frequency. The complex-valued quantities
G
have the Cartesian form
with R , W = exponential Fourier coefficient pair. Interpreting geometrically, the representations of (2) . Thus, the mathematical relation of the excitation for circular-periodic portions is
where (t) = the circular-periodic excited polar motion portion andè (t) = the circular-periodic excitation portion. Substituting the corresponding expressions given in equation (1) 
where = complex-valued amplitude of (t) andf = complex-valued amplitude ofà (t). In the case of investigations of seasonal changes, the Atmospheric Angular Momentum estimates ¥ e instead off can be used without making a noticeable mistake; cf. Moritz and Mueller (1987) .
From the theory of the rotation of a realistic Earth model with an elastic mantle, it follows the differential equation of polar motion (Munk and MacDonald 1960; Lambeck 1980 ):
where qr x t 
Equation (4), with the transfer function (6), is Fourier transform of equation (5). Both equations are the basis of the following considerations and estimations. 
Atmospheric and non-atmospheric portions: Separation and character
Atmospheric Angular mMmentum changes are the dominant cause for polar motion at seasonal frequencies (see e. g. Munk and MacDonald 1960; Jochmann 1976; Lambeck 1980 ). Since there is another excitation source, the problem is to be considered in this way that the total excitation portion is composed of an atmospheric and a non-atmospheric portions. Specific symbols are used for the vectors which represent the complex-valued amplitudes and` with the positive and negative frequencies f = s 1, 2 cpa . In the case of the annual excitation and polar motion portions where f = 1 cpa, names with J are used. Here the symbols used are:
vector of the complex-valued amplitude of the annual atmospheric excitation portion with positive frequency,
the same for the non-atmospheric excitation portion, the same for the total excitation portion.
denote the vectors for the related excited polar motion portions.
are the corresponding vectors with negative frequency (f = -1 cpa).
In the case of the semi-annual portions where f = 2 cpa, analogic names with HJ instead of J are used.
The procedure for separating the atmospheric and non-atmospheric excitation and excited polar motion portions which is similar for f = s 1, 2 cpa may be shown by the example with f = +1 cpa. There are the following vector equations: (9) the vector is given by
and, the vector "
is given by equation (10). Finally, because of equations (7) and (8) 
For the representation of the computed complex-valued amplitudes of the circular excitation and polar motion portions as vectors see Höpfner (1995b, c) . These were used for determining the parameters of the elliptic portions, i. e., the major and minor semi-axes a, b and their directions
giving a better quantitative measure of the motion for the geophysical interpretation. The expressions are as follows 
For the seasonal constituents, the parameters of the excitation portions and of the excited polar motion portions at both circular and elliptic motions are given in Table 1 . In case of exponential Fourier coefficients, the zero point of the time reckoning is fixed at the beginning of the year. In addition, it may be helpful to note that the signs of the minor semi-axes b of the ellipses indicate how the elliptic motions take place: Table 2 .
To test a propagation of uncertainties in the Earth model parameters Fr x t and h , three value pairs were adopted in Höpfner (1995b) . The results derived for the non-atmospheric excitation are not signifantly different from each other. Compared with various water storage estimates (Van Hylckama 1956; Kikuchi 1977) , there is not a full explanation of the non-atmospheric excitation at the annual frequency. This implies that another excitation source exists. With regard to the non-atmospheric excitation it is necessary to identify the sources. Other hydrospheric processes such as oceanic currents must also be contributing to excitation. In addition, cryospheric and biospheric influences are likely portions.
The non-atmospheric excited polar motion portions are much larger than to be expected. For the annual component, the effect is negative, i. e. it reduces the total result. For the semi-annual component, the effect is positive, i. e. it enlarges the total result. For a more detailed discussion of the results obtained for the polar motion at seasonal frequencies see Höpfner (1995b, c) . 
Concluding remark
Concentrating on the annual as well as semi-annual constituents, the main achievement of the paper is the separation of the atmospheric and non-atmospheric excitations of the polar motion. The results show the character of the various portions which is important for the geophysical interpretation.
